In the past few decades, various tools have emerged that claim to enhance detection of oral cancer. The most important prognostic factor in patients with oral cancer is lymph node status: the presence of nodal spread decreases the 5-year survival rate by approximately 50%. Differentiation between reactive and metastatic lymphadenopathy is thus vital, and one differentiating criterion is hardness (elasticity) of the lymph node. The purpose of this review is to highlight a promising new ultrasound technique, known as elastography, which measures the characteristics of tissue compliance. The principles underlying elastography are that tissue compression produces strain (displacement) within the tissue -which is lower in harder tissues than in softer tissues -and that malignant tissues are generally harder than normal surrounding tissue. Therefore, elastography might yield clinical information useful in diagnosing cervical metastasis and improving prognosis in oral cancer. It has long been used for cancers of the breast, pancreas, and thyroid, and its use in cervical lymphadenopathy is now being explored, which could lead to great advancements in the diagnosis and prognosis of oral cancer. (J Oral Sci 53, 137-141, 2011) 
Introduction
Oral cancer remains a public health problem, and approximately 8,500 people die from this cancer each year in the United States (1) . Around the globe, both medical and dental professionals face difficulties in the early detection and diagnosis of such cancers. Fortunately, in the last decade there has been a dramatic increase in the development of potential cancer screening and case-finding tools (2) . Despite this progress, however, overall survival has not significantly improved during the last 40 years (1) .
Cervical metastasis is the most important prognostic factor in patients with oral cancer, and the presence of nodal spread decreases the 5-year survival rate by approximately 50%. Thus, management of oral cancer requires careful staging of regional lymphatics to accurately determine disease progression (3) . Of the 400 to 450 lymph nodes in the human body, the head and neck contain 60 to 70 (4) . Lymph node enlargement is part of our body's normal immune response and can be caused by drug reactions, infection, immunologic disorders, malignancies, and several other disorders of unknown etiology (5) . Sometimes metastatic cervical lymphadenopathy is the first symptom in patients with malignancies of the head and neck, lung, breast, and other sites. Hence, differentiation between reactive and metastatic lymphadenopathy is vital, and one of the differentiating criteria is lymph node hardness (elasticity) (4) .
Ultrasound (US) imaging is a dynamic, readily available, and patient-friendly technique that is particularly useful in the examination of superficial structures (Fig. 1) . Improvements in ultrasound resolution have led to the use of this nonionizing imaging modality in the diagnosis of soft-tissue disorders of the head and neck. Ultrasound 
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imaging results in rapid acquisition of images with minimal artifacts and can be used to guide needle biopsies (fine needle and core biopsies), thus making it a highly specific diagnostic tool (6) . It is also useful in preoperative localization of impalpable neck masses (7) . Other indications for the use of ultrasound in the head and neck region are listed in Table 1 . In the last three decades, US imaging has changed from a cumbersome and expensive system that produced coarse, static, and bistable images to fully digital, handheld devices capable of high-resolution, real-time, grey-scale and color Doppler imaging (8) .
In 1991, Ophir et al. described a promising new ultrasound technique, known as elastography, that measures the characteristics of tissue compliance (9) . It allows assessment of elasticity distribution and shows differences in hardness between diseased tissue and normal tissue. This technique has had promising results in the differential diagnosis of diseases of the thyroid, breast, liver, prostate (Fig. 2) , and pancreas (10) and may prove to be immensely useful in assessing lymph nodes in the maxillofacial region.
The aim of this review is to highlight possible applications of elastography in examining cervical lymph nodes and describe the mechanics of this method. The limitations of this technique are also briefly discussed.
Principles
The principles underlying elastography are that tissue compression produces strain (displacement) within the tissue and that this strain is lower in harder tissues than in softer tissues. Therefore, by measuring tissue strain induced by compression, we can estimate tissue hardness (11) . Tissue elasticity resulting from compression is displayed as an image called an elastogram, on which hard areas are blue and soft areas are red. Because malignant tissue is generally harder than normal surrounding tissue, elastography might provide clinical information that permits observation of tissue stiffness, which would be a helpful addition to findings on palpation (10).
Mechanics of Elastography
Elastography allows assessment of the elastic properties of tissues, and the images obtained are compared before and after compression (12) . Elasticity varies in different tissues (fat, collagen, etc.) and in the same tissue during different pathologic states (inflammatory, malignancy) (4). Tissue stiffness tends to change (usually increase) with disease and can be imaged by measuring the tissue distortion under an applied stress (13) . The resulting highcontrast images can lead to early detection of disease processes. The data are then compared using a crosscorrelation technique to determine the amount of Table 1 Indications for use of ultrasound in head and neck region displacement each small region of tissue undergoes in response to the compression applied by the ultrasound transducer (12) . The development of elastography has been the result of interdisciplinary research (Fig. 3) . Upon application of stress (or displacement), all points in the elastic medium experience a resulting level of longitudinal strain, although the greatest effect is observed in components along the axis of compression. If one or more of the tissue elements has a different stiffness parameter than the others, the level of strain in that element will be higher or lower, and a stiffer tissue element will generally experience less strain than one that is less stiff. The longitudinal (axial and lateral) strains are estimated from the analysis of ultrasonic signals obtained from standard diagnostic ultrasound equipment (14) . This is accomplished by acquiring a set of digitized radio-frequency echo lines from the tissue, compressing the tissue by a small amount with the ultrasonic transducer along the axis of ultrasonic radiation, and acquiring a second, post-compression, set of echo lines from the same region of interest (4, 13) .
The data from these two echo lines undergo processing, and an elastographic image (elastogram) ultimately appears on the monitor. There are two types of elastograms: grayscale and color. The hard and soft areas (ie, areas of high and low elasticity, respectively) appear in the gray-scale elastogram as dark and bright, respectively (4). In a color elastogram of a general device, increasing tissue hardness appears, in ascending order, as red, yellow, green, and blue (Fig. 4) . These colors represent the relative hardness of the tissues in the elastogram (4).
Elastography in Cervical Lymphadenopathy
Assessment of cervical lymph nodes is essential for patients with head and neck carcinomas, as it helps to assess prognosis and select appropriate treatment. Anamnesis and clinical investigations are also performed beforehand; however, their accuracy is suspect because tumor cells spread into adjacent tissues before any clinical symptoms appear (15) . The presence of a metastatic node in one side of the neck reduces five-year survival to half that of a patient without such metastasis, and the presence of a metastatic node in both sides reduces survival by 75% (16) . Lymph node status is used as a criterion to determine if radical neck dissection, conservative neck dissection, or suprahyoid lymph node extirpation is indicated (15) .
To date, open cervical lymph node biopsy combined with pathologic examination remains the gold standard in confirming the presence of lymph node metastases. However, this procedure can alter patterns of lymphatic drainage for up to one year after surgery, especially in patients who present late for treatment (10) . Fine-needle aspiration cytology has proven effective in diagnosis, but it is invasive and subject to sampling and analytic error. In response to these limitations, significant research has been directed toward identifying noninvasive methods for diagnosing enlarged lymph nodes. Such techniques need to be safe, accurate, and straightforward, as is the case for most standard medical screening tests (10) .
Although elastography is not yet used in routine clinical practice, it has been shown to be useful in the differential diagnosis of breast, thyroid, and prostate cancers. Neck lymph nodes are well positioned for elastographic examination. They are easily accessible and can be efficiently compressed against underlying anatomic structures with the use of an ultrasound probe (10, 17) . Information on lymph node stiffness would likely be clinically useful for guidance of percutaneous biopsy and/or nodal dissection. Such information might also improve patient follow-up by enabling early detection of cancer recurrence (depicted as stiffness) (17). Lyshchik et al. (17) studied the accuracy of sonoelastography in differentiating benign and metastatic cervical lymph nodes in patients suspected of having thyroid or hypopharyngeal cancer. Histologic nodal findings were used as the reference standard for comparison. They found that most benign nodes had the same brightness as surrounding anatomic structures and were therefore not clearly visible on ultrasound elastograms. In contrast, most metastatic lymph nodes appeared darker on ultrasound elastograms. Also, margin delineation was better on elastograms, as the margins of metastatic lymph nodes were more regular and distinct than those of benign lymph nodes.
In another study, Alam et al. (4) evaluated the diagnostic performance of sonographic elastography and B-mode sonography of enlarged cervical lymph nodes and found that elastography significantly improved the performance of sonography in the diagnosis of enlarged metastatic cervical lymph nodes.
There is a risk of over-or understaging lymph nodes in the head and neck (18) . Elastography may assist in preventing such misdiagnoses. Elastography has also been used to measure masseter stiffness (19) for the purpose of massage and to evaluate focal lesions in major salivary glands (20) .
Limitations and Future Perspectives
The main pitfall of elastography is the inability to control the extent of tissue compression by the ultrasound transducer. This was shown to be extremely difficult in external ultrasound elastography, where images obtained during application of strong pressure can lead to misdiagnosis (11) . Recently, investigators have used acoustic radiation force impulse (ARFI) imaging to overcome this fault (21) . ARFI imaging uses radiation impulses to induce localized displacement of tissues, then monitors the dynamic response of tissues to the induced displacement (22) . The use of volumetric measurement to assess the stiffness of the whole lymph node might increase the diagnostic performance of elastography. Also, further studies of the use of elastography in the characterization of small lesions are necessary (11) .
Some strain images of large lymph nodes are suboptimal because probe contact over large lesions may not be adequate and because the movement of surrounding tissues and vessels during compression scanning can result in artifacts. In addition, regions of interest in large lymph nodes include only the nodes themselves, thereby excluding surrounding tissue, which affects the strain presentation of both normal and abnormal structures. Also, some cervical lymph nodes are close to great vessels, the pulse of which can affect the technique of the sonographer (10). Hence, a suspicious area should be re-examined after tilting the US probe (23) .
To further decrease interobserver variability, the force can be adjusted by using a visual compression indicator on the video screen. Secondly, to equalize the necessary pressure, balloon systems indicating the force of compression can be integrated into the probes (23) .
As historians of science have pointed out, good techniques are instrumental in producing desirable results, which then eventually require a new technique to address them. With its high specificity, elastography can improve the performance of sonography in the diagnosis of enlarged metastatic cervical lymph nodes. Although elastography has progressed rapidly in the past several years, much progress is needed before it becomes a viable clinical tool. The images displayed consist of various colors, which might make it easier for general dental practitioners to diagnose oral cancers. Thus, we have every reason to believe that, with continued development, ultrasonography will become a more objective diagnostic tool. Elastography has a bright future in detecting cervical lymphadenopathy, thereby improving the diagnosis and prognosis of oral cancer.
